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Radioactive pee Data 


Reference Tables for — 


RADIOACTIVE 
ISOTOPE 


DISINTEGRATION 


HALF-LIFE 
(years) 


Carbon-14 


14 


146 - N 


5.7 x10° 


Potassium-40 


40. > 4A 
™, 
Ga 


1.3x10° 


Uranium-238 


238) 206 5, 


45x10" 


Sada Heats of Common Materials 


MATERIAL 


SPECIFIC HEAT 


(Joules/gram ¢ °C) 


Liquid water 


4.18 


Solid water (ice) 


2.11 


Water vapor 


2.00 


Dry air 


1.01 


Basalt 


0.84 


Granite 0.79 
lron 0.45 
Copper 0.38 
Lead 0.13 


Rubidium-87 87Rp > ®"Sr 4.9x10'° 


Equations 


distance between foci 
length of major axis 


eccomely = Properties of Water 


change in field value 
distance 


Heat energy gained during melting 334 J/g 
334 J/g 
2260 J/g 


2260 J/g 


Gradient = 

Heat energy released during freezing 

change in value 
time 


Rate of change = Heat energy gained during vaporization 


Heat energy released during condensation . . . 


mass 


Density = J olume 


Density at 3.98°C 


Average Chemical Composition 
of Earth’s Crust, Hydrosphere, and Troposphere 


CRUST HYDROSPHERE | TROPOSPHERE 
Percent by mass Percent by volume Percent by volume 

46.10 33.0 21.0 

28.20 

8.23 

5.63 0.49 

4.15 1.18 

2.36 1.11 

2.33 0.33 

2.09 1.42 


ELEMENT 
(symbol) 

Oxygen (O) 
Silicon (Si) 
Aluminum (Al) 
Iron (Fe) 
Calcium (Ca) 
Sodium (Na) 
Magnesium (Mg) 
Potassium (kK) 
Nitrogen (N) 
Hydrogen (H) 
Other 


Percent by volume 
94.04 
0.88 
0.48 


“: | This edition of the Earth Science Reference Tables should be used in the |.2 0-0" 
“| classroom beginning in the 2009-2010 school year. The first examination for | .°.- 0°". 

-. | which these tables will be used is the January 2010 Regents Examination in |-. : aie 

“| Physical Setting / Earth Science. a 
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IGNEOUS ROCKS 


CHARACTERISTICS 


MINERAL COMPOSITION 


Rock Cycle in Earth’s Crust 


ve 


ak and/or Pressure 
qhetamorphism 


oa 


Relationship of Transported 
Particle Size to Water Velocity 


100.0 — 
= TT a a a a | Boulders 
eee ee ee eee --}25.6-| ---------- 
10.0 L Cobbles 
€ =aueeey file] Saeaul (ae -}--6.4----------- 
2 Ee 
oc 1.0 E Pebbles 
Lr E 
|e caarreres) (pt ee el RAI | _Aoeene Ea 0 | kc ee 
= oaL 
a) E 
Ww E Sand 
Oo 0.01Lb 
= E-----1--_f--| ------{------J - 0.006} ---------- 
o C 
ao LC Silt 
r Clay 
0.0001 | LULL I LULL | 11d t | LULU | LLU 
o ef S8* aS aS BS 
2 pea ~~ 8 Os. Ee 


STREAM VELOCITY (cm/s) 


This generalized graph shows the water velocity 
needed to maintain, but not start, movement. Variations 
occur due to differences in particle density and shape. 


Scheme for Igneous Rock Identification CRYSTAL TEXTURE 
o 
Obsidian A (sf Non- 
5 if (usually appears black) Basallio glass 5 ic Glassy vesicular 
EE l>co ce 
= B i= Pumice Scoria . Be 
: gas 
5 zs Vesicular rhyolite pata Vesicular basalt c pockets) 
+d tiga gE Fine 
= Rhyolite Andesite Basalt 2 - 
a Diabase Fr — = 
= ~|ele 
> jw : iori Peri- |= € Non- 
oS |j=e Granite Brente Gabbro dotite|5 EPs POnTEY vesicular 
£iSs eS 
5S jars €e + 
in Be Pegmatite = 5 2 Bll 
LIGHTER « COLOR >| DARKER 
LOWER }€ DENSITY >| HIGHER 
FELSIC MAFIC 
(rich in Si, Al) POMPRelion | (rich in Fe, Mg) 
100% 4a — 100% 
Potassium genngey, 
| feldspar We, oc 
": (pink to white) "727-7, ele be 
ad ds Kegel Parr re 
75 Vo —Lil gt on on nt a a 759 
~ ee a 
oO 
= Plagioclase feldspar OCA 
Seer (white to gray) eee eee 
ee ae eee os 
Se 5 fo fires se ee eg lo 
re) ip . 
° y~ fs is 
s Biotite a ee 
© (black ee te ee ee : ; 
= 25% eee ee a Olivine 25% 
= ee ee (green) 
io 
0% 0% 
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Scheme for Sedimentary Rock Identification 
INORGANIC LAND-DERIVED SEDIMENTARY ROCKS 


TEXTURE 


GRAIN SIZE 


COMPOSITION 


COMMENTS 


ROCK NAME 


MAP SYMBOL 


Clastic 
(fragmental) 


Pebbles, cobbles, 
and/or boulders 
embedded in sand, 
silt, and/or clay 


Sand 
(0.006 to 0.2 cm) 


Silt 
(0.0004 to 0.006 cm) 


Clay 
(less than 0.0004 cm) 


Mostly 
quartz, 
feldspar, and 


clay minerals; 


may contain 
fragments of 
other rocks 

and minerals 


Rounded fragments 


Conglomerate 


Angular fragments 


Breccia 


Fine to coarse 


Sandstone 


Very fine grain 


Siltstone 


Compact; may split 
easily 


Shale 


CHEMICALLY AND/OR ORGANICALLY FORMED SEDIMENTARY ROCKS 


TEXTURE 


GRAIN SIZE 


COMPOSITION 


COMMENTS 


ROCK NAME 


MAP SYMBOL 


Crystalline 


Fine 


Halite 


to 
coarse 


Gypsum 


Crystals from 


Rock salt 


chemical 
precipitates 


crystals 


Dolomite 


Rock gypsum 


and evaporites 


Dolostone 


Crystalline or 
bioclastic 


Microscopic to 


Bioclastic 


TEXTURE 


Calcite 


Precipitates of biologic 
origin or cemented shell 
fragments 


Limestone 


very coarse 


Carbon 


Compacted 
plant remains 


Bituminous coal 


Scheme for Metamorphic Rock Identification 


COMPOSITION 


TYPE OF 


METAMORPHISM 


COMMENTS 


ROCK NAME 


MAP SYMBOL 


FOLIATED 
MINERAL 
ALIGNMENT 


Fine 
to 
medium 


GARNET 


AMPHIBOLE 
PYROXENE 


QUARTZ 
FELDSPAR 


Medium 
to 
coarse 


Carbon 


Regional 


Low-grade 
metamorphism of shale 


Slate 


SRARY 


(Heat and 
pressure 
increases) 


Foliation surfaces shiny 
from microscopic mica 
crystals 


Phyllite 


Platy mica crystals visible 
from metamorphism of clay 
or feldspars 


Schist 


Regional 


High-grade metamorphism; 
mineral types segregated 
into bands 


Metamorphism of 
bituminous coal 


Anthracite coal 


Various 
minerals 


Contact 
(heat) 


Various rocks changed by 
heat from nearby 
magma/lava 


Hornfels 


NONFOLIATED 


Quartz 
Fine 


to 


coarse Calcite and/or 


dolomite 


Various 


Coarse ‘ 
minerals 


Metamorphism of 
quartz sandstone 


Quarizite 


Regional 
or 


contact 


Metamorphism of 
limestone or dolostone 


Marble 
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Pebbles may be distorted 
or stretched 


Metaconglomerate 


NY Rock 
: s Record 
Kon Era Period Epoch Life on Earth 
Million years ago 
Million years ago 1 
0 = — HOLOCENE>0 
(o) QUATERNARY PLEISTOCENE re Humans, mastodonts, mammoths 
i ia PLIOCENE = ‘ 
= NEOGENE 5.3 Large carnivorous mammals 
ry ZS MIOCENE I Abundant grazing mammals 
an il OLIGOCENE 33.9 Earliest grasses 
200 | | eS PALEOGENE EOCENE H Many modern groups of mammals 
L PALEOCENE 65.5-( Mass extinction of dinosaurs, ammonoids, and 
| A : many land plants 
Tt LATE 
ra = CRETACEOUS 
First Earliest flowering plants 
. M sexually EARLY Diverse bony fishes 
oOlp reproducing 
N]D ga LATE Earliest birds 
= y ry JURASSIC MIDDLE Abundant dinosaurs and ammonoids 
io] 7 EARLY 
= 200 
Zz \ 
< S E \ LATE Earliest mammals 
a fA} \ TRIASSIC leas 
2000 bal R . Earliest dinosaurs 
Oceanic oxygen MIDDLE 
aa L begins to enter EARLY 251 Mass extinction of many land and marine 
oO Y | )the atmosphere PALEOZOIC LATE organisms (including trilobites) 
r MIDDLE Mammal-like reptiles 
= \ PERMIAN 
e, 4 EARLY Abundant reptiles 
O i Oceanic oxygen ME 299) 
T cyanobacteria & Ps PENNSYLVANIAN EARLY a8 Extensive coal-forming forests 
& E combines with 3 =) LATE Abundant amphibians 
M iron, forming % ie) 
3000 by AG iron oxide layers | MISSISSIPPIAN MIDDLE Large and numerous scale trees and seed ferns 
I fl & isa (vascular plants); earliest reptiles 
D on ocean floor 
Ay D 1 o EARLY 
Z rf . P LATE Earliest amphibians and plant seeds 
Earliest stromatolites Extinction of many marine organisms 
ca Oldest microfossils ; 
an) 1 DEVONIAN MIDDLE Earth’s first forests 
io) 1 Earliest ammonoids and sharks 
ceik 1 EARLY Abundant fish 
< . 
A | Evidence of biological LATE Earliest insects 
R carbon 1 SILURIAN Earliest land plants and animals 
4000 L \ EARLY Abundant eurypterids 
1 444 
Y \ LATE 
Oldest known rocks Invertebrates dominant 
1 ORDOVICIAN MIDDLE Earth’s first coral reefs 
AY EARLY 
1 488 
4600 LU Estimated time of origin LATE 
of Earth and solar system MIDDLE Burgess shale fauna (diverse soft-bodied organisms) 
CAMBRIAN Earliest fishes 
\ Extinction of many primitive marine organisms 
1 EARLY Earliest trilobites 
\ 542mm Great diversity of life-forms with shelly parts 
q 580 Ediacaran fauna eae multicellular, soft-bodied 
\ marine organisms 
\ 
\ 
\ 
x 
s ; 
(Index fossils not drawn to scale) Se. 1300 meee bundant stromatolites 
® © ®©@ GH ®® OD ® ® 
» " ! ~ ie j fh y y (ee \ 7 be 
4 Z Berton F Nes Ne, S ws 
d Sy os 
Cryptolithus Valcouroceras Centroceras Eucalyptocrinus Tetragraptus Stylonurus 
Elliptocephala Phacops Hexameroceras Manticoceras Ctenocrinus Dicellograptus Eurypterus 


8 


GEOLOGIC HISTORY 
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OF NEW YORK STATE 


Time Distribution of Fossils : Oe 
Gncludiag dnportant foscilsot New York) Important Geologic Inferred Positions of 


The center of each lettered circle indicates the approximate time of Events in New York Earth’s Landmasses 


existence of a specific index fossil (e.g. Fossil (A) lived at the end 
of the Early Cambrian). 


PO FES) FJ atvance and retreat ortast continental ce 


Sands and clays underlying Long Island and 


Staten Island deposited on margin of Atlantic 
Ocean 


Dome-like uplift of Adirondack region begins 


NAUTILOIDS 
DINOSAURS 


Initial opening of Atlantic Ocean 
North America and Africa separate 


Intrusion of Palisades sill 


Pangaea begins to break up 


n 
a 
oe) 
Ay 
le) 
= 
a 
Z 
[a=] 
ian) 


VASCULAR PLANTS 


n 
= 
ie 
Oy 
ie} 
[om 
Sa 
4 
1s) 


Alleghenian orogeny caused by 
collision of North America and 
Africa along transform margin, 
forming Pangaea 


aie oe 


Catskill delta forms 
Erosion of Acadian Mountains 


Acadian orogeny caused by collision of 
North America and Avalon and closing 


of remaining part of Iapetus Ocean 


Salt and gypsum deposited in evaporite basins 


ia 
Roa 


Erosion of Taconic Mountains; Queenston delta 
forms 


Taconian orogeny caused by closing 

WN of western part of Iapetus Ocean and 
collision between North America and 
volcanic island arc 


Widespread deposition over most of New York 458 million years ago 


along edge of Iapetus Ocean 


Rifting and initial opening of Iapetus Ocean 


Erosion of Grenville Mountains 


Grenville orogeny: metamorphism of 
bedrock now exposed in the Adirondacks 
and Hudson Highlands 


© © © © ®® ® @ 


y 


Cystiphyllum Maclurites Eospirifer 
Bothriolepis Lichenaria Pleurodictyum Platyceras Mucrospirifer 


ESC/BW/TN (2009) 


bonds 


Mastodont foe Cooksonia 


Beluga Whale 


Naples Tree Condor 


Aneurophyton 
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10 


Inferred Properties of Earth’s Interior 


DENSITY (g/cm) 
2.7 granitic continental crust 
3.0 basaltic oceanic crust 


——— MOHO 
3.4-5.6 
ml 
¢ 
> 
9.9-12.2 
CASCADES ees QO 
Qs 2 SB Siaxt eee 
re TRENCH 
ow 12.8-13.1 
ao 
| RN ST 
EARTH’S CENTER 


PRESSURE 
(million atmospheres) 


TEMPERATURE (°C) 


A l 
ees PARTIAL MELTING 
I 


0 1000 2000 3000 4000 5000 6000 
DEPTH (km) 
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Earthquake P-Wave and S-Wave Travel Time 


TRAVEL TIME (min) 


wo wo fF aA DN DO O O 


(o) 


0 1 2 3 4 5 6 7 
EPICENTER DISTANCE (x 10° km) 
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12 


Dewpoint (°C) 


Dry-Bulb Difference Between Wet-Bulb and Dry-Bulb Temperatures (C°) 
Tempera- 
ture(°C){ of 1{ 2] 3] 4| 5] 6| 7| 8| 9] 10/ 11] 12/ 13| 14| 15 
-20 —20|-33 
-18 —18 | —28 
-16 —16 | -—24 
-14 —14 | —21 | -36 
-12 —12 | -18 | —28 
-10 —10] —14 | —22 
-8 —8| -12 | -18 | -—29 
-6 —6| -—10 | —14 | —22 
-4 —4| -—7| -12| -17|-29 
-2 —2| -5| -—8| -13]-20 
0 O| -—3| -6| —9| -—15|-24 
2 2| -1| -—3| —6] —11| -17 
4 4 1{ -1| -—4| —7| -11|-19 
6 6 4 1| -1| -4/ —7| -13|-21 
8 8 6 3 1{| -2| -—5| -9|-14 
10 10 8 6 4 1| -2| -5/ -—9| -14|-28 
12 12| 10 8 6 4 1| -2| -—5| —9]| -16 
14 14). 12) «11 9 6 4 1| -2| -—5]| -10| -17 
16 16{ 14| 13] #11 9 7 4 1| -1| —6|-10| —17 
18 WS WGI WEI as] a 9 a 4 2| -2| —5] -10| -19 
20 20| 19| 17| 15| 14| 12| 10 7 4 2| -2| —5|-10| -19 
22 P| Zl we izle) es) 2 ||) 8 5 3] -1| —5/ -10| -19 
24 24| 23| 21| 20| 18| 16| 14| 12| 10 8 6 2| -1| —5|-10| —-18 
26 261251823) 222 |S | || 9 6 3 QO; -4| -9 
28 28| 27| 25| 24| 22| 21 19| 17| 16| 14{ #11 9 7 4 1| -3 
30 30} 29) 27| 26| 24) 23) 21 19} 18] 16) 14) 12; 10 8 5 1 
Relative Humidity (%) 
Dry-Bulb Difference Between Wet-Bulb and Dry-Bulb Temperatures (C°) 
Tempera- 
ture(°C)| o| 1] 2/ 3] 4] 5/ 6| 7| 8/ 9] 10| 11] 12) 13| 14] 15 
-20 100| 28 
-18 100| 40 
-16 100| 48 
-14 100| 55] 11 
-12 100| 61| 23 
-10 100| 66] 33 
-8 100} 71| 41 13 
—6 100! 73/ 48/ 20 
-4 100|_ 77| 54] 32] 11 
=2 100| 79| 58/ 37] 20 1 
0 100| 81| 63] 45] 28) 11 
2 100| 83] 67| 51| 36! 20 6 
4 100| 85| 70| 56| 42) 27| 14 
6 100| 86] 72| 59| 46/ 35/ 22| 10 
8 100| 87| 74| 62| 51) 39] 28] 17 6 
10 100| 88| 76/ 65] 54/ 43/ 33] 24) 13 4 
12 100| 88| 78| 67| 57| 48) 38] 28/ 19/] 10 2 
14 100| 89| 79| 69| 60} 50| 41| 33/ 25| 16 8 1 
16 100| 90! 80| 71 62| 54) 45] 37) 29) 21 14 7 1 
18 100| 91) 81/ 72| 64/ 56) 48| 40) 33] 26) 19/ 12 6 
20 100| 91| 82| 74| 66| 58| 51| 44) 36| 30| 23] 17| 11 5 
22 100} 92| 83/ 75| 68/ 60| 53| 46/ 40| 33) 27] 21) 15) 10 4 
24 100| 92| 84| 76| 69| 62| 55| 49| 42| 36| 30| 25/ 20/ 14 9 4 
26 100} 92| 85/ 77| 70} 64| 57| 51/ 45) 39) 34] 28) 23/ 18] 13 g) 
28 100| 93| 86| 78| 71| 65] 59| 53] 47| 42| 36] 31/ 26/ 21 17| 12 
30 100} 93) 86] 79] 72] 66} 61| 55} 49} 44) 39] 34) 29; 25) 20) 16 
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Temperature Pressure 


Fahrenheit Celsius Kelvin millibars —_ inches 
(°F) ae) (mb) (in of Hg*) 
1040.0 
110 30.70 
; 220 
Water boils ------------------- 100 1036.0 30.60 
200 30.50 
90 1032.0 
180 80 30.40 
1028.0 
160 70 30.30 
1024.0 
140 60 30.20 
120 50 weg 30.10 
100 40 1016.0 30.00 
30 One atmosphere ------------------- 
80 P 1012.0 79-90 
Room temperature ---------------------5 
oi . 1008.04 
10 , 
40 29.70 
Water freezes --------------- 0 1004.0 
20 29.60 
-10 
; 1000.0 29.50 
—20 
996.0 29.40 
—20 -30 
40 - 992.0 29.30 
29.20 
—60 —50 988.0 
29.10 
Key to Weather Map Symbols sa 
y Pp vy. 29.00 
Station Model Station Model Explanation 980.0 sae 
Amount of cloud cover 
Present weather (approximately 75% covered) 976.0 28.80 
28 196 Temperature (°F) 28 196 Barometric pressure (1019.6 mb) ee er 
* +19/ icibili vy 1 Barometric trend 
Visibiliye (rn) 2 * +19/ (a steady 1.9-mb rise in past 3 hours) 28.60 
27 2 Dewpoint (°F) 27 Precipitation 968.0 ; 
25 pee .25 (0.25 inches in past 6 hours) 
Wind speed 28.50 
= ~Wind direction 
whole feather = 10 knots *Hg = mercur 
half icatucre Bact (from the southwest) g y 
total= 15 knots_| (1 knot = 1.15 mi/h) 


Present Weather Air Masses Fronts Hurricane 


t td ies rant KA v cA_ continental arctic Cold AAA A 6 


Drizzle Rain Smog Hail Thunder- Rain cP continental polar Warm aaan 


cT continental tropical — Tornado 
* mT maritime tropical piehonaty 
* A Ms = CO YV Occluded Amado A it 


Snow Sleet Freezing Fog Haze Snow mP maritime polar 
rain showers 


storms showers 
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km mi Temperature Atmospheric 
140 100 Zones Pressure 
Selected 
Properties of 
‘4 rth’ Thermosphere 
a s 120 75 (extends to 600 km) 
Atmosphere 
o 
Ss 
= 
=| 80 50 ( Mesopause 
a | 
Mesosphere 
! Stratopause 
40 25 Wat 
ater 
: | Stratosphere Vapor 
, -Tropopause 
| Troposphere 
Sea Level 0 0 
-100°: ©) 
cae ee se 0 1.0 0 20 40 
Temperature Pressure Concentration 
(°C) (atm) (g/m*) 
. . Dee cena 
Planetary Wind and Moisture mene a Polar front jet stream 
Belts in the Troposphere \OS >. 
: . Polar front 
The drawing on the right shows the 
locations of the belts near the time of an _\ 
equinox. The locations shift somewhat —_) 
with the changing latitude of the Sun’s 
vertical ray. In the Northern Hemisphere, 
the belts shift northward in the summer a 
and southward in the winter. ! jet streams 


(Not drawn to scale) 


Electromagnetic Spectrum 


X rays Microwaves 
Gamma rays Ultraviolet Infrared Radio waves 
il 
)|N a. ee ——____ 
Decreasing wavelength ae PS Increasing wavelength 


14 


_-~ Visible light =~ >> ~~ 


Z SS eee 


Violet Blue | Green | Yellow |Orange| Red (Not drawn to scale) 


~ 
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Characteristics of Stars 


(Name in italics refers to star represented by a @.) 
(Stages indicate the general sequence of star development.) 


® | Massive 
Deneb Betelgeuse Stars 


SUPERGIANTS 
e — (Intermediate stage) 


@ ; : 
Polaris.* * GIANTS 
. (Intermediate stage) 


oi" 3<@Aldebaran 


Sirius 8 


“32 


Va 2" + “alpha Centauri 
&. Sine Semana Dp pataeeeea es 


Luminosity 
(Rate at which a star emits energy relative to the Sun) 


‘40 Eridani B 
i: oe 3 
ee ose Barnard’s 
WHITE DWARFS ®.Star 
- (Late stage) ' ¢ “8 
* 2° ° "= @Procyon B 


* . Proxima Small 
* ‘ Centauri Stars 


30,000 20,000 10,000 8,000 6,000 4,000 3,000 2,000 
Surface Temperature (K) 
Blue Blue White White Yellow Orange Red 
Color 


Solar System Data 


Celestial Mean Distance Period of Period of Eccentricity | Equatorial Mass Density 
Object from Sun Revolution Rotation at Equator of Orbit Diameter (Earth = 1) (g/cm’) 


(million km) (d=days) (y=years) (km) 
fn] —| 2a] | e200 c.00000| 
jwencuny [7] weal ___s8a] aoe] sara] 09 


wars [e278 sara] zinsrmnzse] cove] eres] om 


EARTH’S 149.6 
MOON 27.3d 27.3d 0.055 3,476 
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COMMON 
COLORS 


HARD- 
LUSTER NESS 


CLEAVAGE 
FRACTURE 


silver to 
gray 


metallic 
silver 


Metallic luster 


silver 


brassy 


yellow 


metallic silver or 


v earthy red 


white to 
green 


Vv 


amber 


me oe ’ : bears 
pink or gray 


colorless to 
yellow 
white 
dark brown 
colorless 
or variable 


variable 


Nonmetallic luster 


dark green 
dark green 


pink 


Vv 


gray 


green to 
gray or brown 


colorless or 
variable 


Vv 


to green 


Al = aluminum 
C =carbon 
Ca = calcium 


*Chemical symbols: 


V = dominant form of breakage 


16 


a7 eae 


ss 
Se 

ea 
eee 


white to 


stl = a rene 


Properties of Common Minerals 


DISTINGUISHING 
CHARACTERISTICS 


black streak, 
greasy feel 


" gray-black streak, cubic cleavage, 
density = 7.6 g/cm® 


“black streak, 
magnetic 


(fool’s gold) 


red-brown streak 


greasy feel 


yellow to 


white-yellow streak 


“flexible in. 
thin sheets 


salty taste 


thin sheets 


~ bubbles with acid 


when powdered 


cleaves in 
4 directions 
cleaves in 

2 directions at 90° 


cleaves at 


56° and 124° 


cleaves in 
2 directions at 90° 


striations visible 


and granular 
glassy luster, may form 
hexagonal crystals 
often seen as red glassy grains 
in NYS metamorphic rocks 
Cl = chlorine 


F = fluorine 
Fe = iron 


green-black streak, 


: eae eee 
drywall 


7 eee er 
by fingernail 
cubic cleavage, 
4 ae - = eee, 
x — rer a ere 
rhombohedral cleavage 
a eer areata ratio 


mineral collections, 


cleaves in 2 directions, 


commonly light green 


H = hydrogen 
K = potassium 
Mg = magnesium 


USE(S) COMPOSITION* 


pencil lead, 
lubricants 


ore of lead, 
batteries 
ore of iron, 
steel 


ore of 
sulfur 


ore of iron, 
jewelry 


ceramics, ; 
paper Mg3Si4049(OH) 


sulfuric acid S 


paint, roofing 


2 Sch eeeroeeee 


: NaCl 
melts ice 


cere eal hes 
materials AISi3049(OH) 


cement, 


lime Gags 


CaSO,*2H,0 


KAI3Si3049(OH)o 


MINERAL NAME 


Graphite 


Galena 


Magnetite 


Pyrite 


Talc 


Sulfur 


Selenite gypsum 


Muscovite mica 


Halite 


Biotite mica 


Calcite 


stones CaMg(COs) 


acid Cake 
(Ca,Na) (Mg,Fe.Al) 
jewelry (Si,Al)o0g 


mineral collections, CaNa(Mg,Fe), (Al,Fe,Ti)3 


jewelry 


ceramics, . 
glass KAISiz0g 


ceramics, 
glass 


furnace bricks, (Fe,Mg)SiO, 


jewelry 
glass, jewelry, ; 
electronics 2102 


jewelry (NYS gem), 
abrasives 

S = sulfur 

Si = silicon 

Ti = titanium 


Na = sodium 
O = oxygen 
Pb = lead 
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Sig099(0,0H)o 


(Na,Ca)AISi,0g 


FesAloSiz049 


Dolomite 


Fluorite 


Pyroxene 
(commonly augite) 


Amphibole 


(commonly hornblende) 


Potassium feldspar 
(commonly orthoclase) 


Plagioclase feldspar 


Olivine 


Quartz 


Garnet 
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Table A 
Standard Temperature and Pressure 


Symbol 
m 


Standard Pressure 101.3 kPa 


kilopascal 


Table D 


Selected Units 


meter 


length 


1 atm atmosphere 


gram 


mass 


273 K 
O0°C 


kelvin 
degree Celsius 


Standard Temperature 


pascal 


pressure 


kelvin 


temperature 


mole 


amount of 
substance 


Table B 
Physical Constants for Water 


joule 


energy, work, 
quantity of heat 


Heat of Fusion 334 J/g 


second 


time 


Heat of Vaporization 2260 J/g 


minute 


time 


Specific Heat Capacity of H,O(€) 4.18 J/gek 


hour 


time 


day 


time 


year 


time 


Table C 


liter 


volume 


Selected Prefixes 


parts per million 


concentration 


molarity 


solution 
concentration 


kilo- 


deci- 


centi- 


milli- 


micro- 


nano- 


pico- 
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atomic mass unit 


atomic mass 


Tons That Form 
Soluble Compounds Exceptions 


Group | ions 
(Li*, Nat, etc.) 


Table E 
Selected Polyatomic lons 


hydronium chromate 


mercury(I) dichromate 


ammonium permanganate 


nitrite 
acetate 


nitrate 


cyanide 


peroxide 


carbonate 


hydroxide 


hydrogen 


carbonate 


phosphate 


oxalate thiocyanate 


sulfite 


hypochlorite 


chlorite sulfate 


chlorate hydrogen sulfate 


perchlorate thiosulfate 


Table F 
Solubility Guidelines for Aqueous Solutions 


Ions That Form 
Insoluble Compounds* Exceptions 


carbonate (CO a) 


when combined with Group 1 
ions or ammonium (NH,*) 


ammonium (NH,*) 


chromate (CrO i) 


nitrate (NO, 7) 


acetate (C,H,0,.~ or 
CH,COO-) 


when combined with Group 1 
ions, Ca?*, Me"*, or 
ammonium (NH,*) 


phosphate (PO i) 


hydrogen carbonate 
(HCO.-) 


when combined with Group 1 
ions or ammonium (NH,*) 


sulfide (S2-) 


chlorate (C1O,") 


when combined with Group 1 
ions or ammonium (NH,*) 


hydroxide (OH-) 


halides (CI, Br, I-) 


sulfates (SO ag) 


when combined with 
Ag*, Pb**, or Hg,7* 


when combined with Ag*, 
Ca2*, Sr2+, Ba2*, or Pb2* 
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when combined with oe ] 
ions, Ca?*, Ba2*, Sr2+,o 
ammonium (NH,*) 


*compounds having very low solubility in H»O 


Table G 
Solubility Curves at Standard Pressure 


V4 
A 


a 
= 
a 
a 
\ 


A 

YY vaulb 
Dat 
Y\V/ \ Ff 


ONL 
SERRE <eRE Vv Sith 


(O°H 5 ‘o0L/einjos 6) Ayyiqnjos 


Temperature (°C) 
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Reference 


Table H 
Vapor Pressure of Four Liquids 


(eq) ainssald Jode, 


Ke) 


Temperature (°C) 
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Table I Table J 
Heats of Reaction at 101.3 kPa and 298 K Activity Series** 


Reaction AH (kj)* Most Most 


Active Active 
CH,(g) + 20,(g) —> CO,(g) + 2H,O(€) 890.4 
H,(g) + 50,(g) —> 3CO,(g) + 4H,O(€) 2219.2 
caer + 250,(g) —> 16CO,(g) + 18H,O(€) — -10943 
2CH,OH(¢) + 30,(g) —» 2CO,(g) + 4H,O(€) 1452 
C,H-OH(€) + 30;(¢) ——> 2CO,(g) + 3H,O(€) 
CeH 10¢(s) + 609g) ——> 6CO,(g) + 6H,O(€) 
2CO(g) + Oo(g) ——» 2CO,(g) 
C(s) + O(g) —> CO,(g) 
4Al(s) + 30,(g) ——> 2Al1,0.(s) 
N,(g) + Oo(g) ——> — 


KNO,(s) “Hig, K*(aq) + NOs(aq) 


NaOH(s) —2»> ae Na*(aq) + OH (aq) —44.51 
NH,Cl(s) —2°> NH,*(aq) + CF-(aq) +14.78 
NH,NO,(s) —2°sNH,*(aq) + NOs-(aq) +25.69 
H,O © ra me &: 
NaCl(s) —~» Na*(aq) + Cl-(aq) Least oe 
LiBr(s) a (aq) + Br(aq) Active Active 


H*(aq) + OH (aq) —_ H,O(€) . ** Activity Series is based on the hydrogen 
standard. Hy is not a metal. 


*The AH values are based on molar quantities represented in the equations. 
A minus sign indicates an exothermic reaction. 
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Table K 
Common Acids 


Table N 
Selected Radioisotopes 


Nuclide Half-Life Decay Nuclide 
Mode Name 


HCl(aq) 


hydrochloric acid 


HNO,(aq) 


nitrous acid 


HNO,(aq) 


nitric acid 


H,SO,(aq 


sulfurous acid 


sulfuric acid 


) 
H,SO,(aq) 
) 


H3PO4(aq 


phosphoric acid 


H,CO,(aq) 
or 


CO,(aq) 


carbonic acid 


CH,COOH (aq) 


ethanoic acid 
(acetic acid) 


Table L 
Common Bases 


NaOH(aq) 


sodium hydroxide 


KOH(aq) 


potassium hydroxide 


Ca(OH),(aq) 
NH,(aq) 


calcium hydroxide 


aqueous ammonia 


Table M 
Common Acid-Base Indicators 


Approximate 


Indicator 


pH Range 
for Color 


2.695 d 


gold-198 


5715 y 


carbon-14 


182 ms 


calcium-37 


5.271 y 


cobalt-60 


30.2 y 


cesium-137 


8.51 min 


iron-53 


27.45 


francium-220 


12.31 y 


hydrogen-3 


8.021 d 


iodine-131 


1.23 5 


potassium-37 


12.36 h 


potassium-42 


10.73 y 


krypton-85 


7.135 


nitrogen-16 


17.22 s 


neon-19 


14.28 d 


phosphorus-32 


2.410 x 104+ y 


plutonium-239 


1599 y 


radium-226 


3.823 d 


radon-222 


29.1 y 


strontium-90 


2.13 x 10° y 


technetium-99 


1.40 x 10! y 


thorium-232 


1.592 x 10° y 


uranium-233 


7.04 x 10° y 


uranium-235 


4.47 x 10° y 


uranium-238 


Change 
Source: CRC Handbook of Chemistry and Physics, 91S ed., 2010-2011, 


methyl orange red to yellow CRC Press 


bromthymol blue yellow to blue 


phenolphthalein 


colorless to pink 


litmus 58. red to blue 


bromcresol green yellow to blue 


thymol blue yellow to blue 


Source: The Merck Index, 14" ed., 2006, Merck Publishing Group 
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Table O 
Symbols Used in Nuclear Chemistry 


alpha particle 


beta particle 


gamma radiation 


neutron 


proton 


positron 


Table P 
Organic Prefixes 


Prefix Number of 
Carbon Atoms 


reer 


_ 
i) 


Table Q 
Homologous Series of Hydrocarbons 


General Examples 


Formula Structural Formula 


alkanes ethane 


alkenes _H. ethene 


alkynes ethyne 


Note: n = number of carbon atoms 
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Table R 
Organic Functional Groups 


Class of Functional General 
Compound Group Formula 


—F (fluoro-) R—-X 
halide —Cl (chloro-) | (X represents | CH,CHCICH, 

(halocarbon) |—Br (bromo-) | any halogen) 2-chloropropane 
—I (iodo-) 


CH,CH,CH,OH 


alcohol — OH 
1-propanol 


CH,0CH,CH, 


h 
ether methyl ethyl ether 


O 

I 
aldehyde I CH,CH,C—H 
propanal 


O 


ketone It CH,CCH,CH,CH, 
2-pentanone 


I 
organic acid I| II CH,CH,C—OH 
propanoic acid 


TI 
CH,CH,COCH, 
methyl propanoate 


’ CH3,CH,CH,NH, 
amine ; 
1-propanamine 


O 


I 
CH,CH,C—NH, 
propanamide 


Note: R represents a bonded atom or group of atoms. 
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Table T 


Important Formulas and Equations 


Mole Calculations 


d= density 
m = mass 
V = volume 


given mass 


number of moles = 


gram-formula mass 


measured value — accepted value 


Percent Error % error = 


Percent Composition 


parts per million = 


Concentration 


% composition by mass = 


accepted value 


mass of part 


mass of whole 


mass of solute 


mass of solution 


moles of solute 


molarity = 


Combined Gas Law 


Titration 


Temperature K = °C + 278 
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liter of solution 


P = pressure 
V = volume 
T = temperature 


M, = molarity of H+ 


V, = volume of acid 


q = heat 


m = Mass 


x 100 


x 100 


x 1000000 


Mz = molarity of OH- 


Vp = volume of base 


H, = heat of fusion 
H.,, = heat of vaporization 


C = specific heat capacity 


AT = change in temperature 


K = kelvin 
°C = degree Celsius 


DET 609 ADU 
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List of Physical Constants 


Universal gravitational constant 6.67 x 10-4! Nem/kg? 


Acceleration due to gravity 9.81 m/s? 


Speed of light in a vacuum 3.00 x 108 m/s 


Speed of sound in air at STP 3.31 x 102 m/s 
Mass of Earth 5.98 x 1024 kg 
Mass of the Moon 7.35 x 1022 ke 


Mean radius of Earth 6.37 x 10© m 


Mean radius of the Moon 1.74 x 10° m 


Mean distance—Earth to the Moon 3.84 x 10° m 


Mean distance—Earth to the Sun 1.50 x 1014 m 


Electrostatic constant 8.99 x 109 Nem2/C2 


1 elementary charge 1.60 x 10°C 


1 coulomb (C) 6.25 x 1018 elementary charges 


1 electronvolt (eV) 1.60% 10-7 


Planck’s constant 6.63 x 10-34 Jes 


1 universal mass unit (u) 9.31 x 102 MeV 


Rest mass of the electron im 9.11 x 10°! kg 


Rest mass of the proton 1.67 x 10-27 kg 


Rest mass of the neutron 1.67 x 10-27 kg 


Prefixes for Powers of 10 


Prefix Symbol Notation Kinetic Static 
tera Rubber on concrete (dry) 0.68 0.90 
giga Rubber on concrete (wet) 0.58 


mega Rubber on asphalt (dry) 0.67 0.85 
kilo Rubber on asphalt (wet) 0.53 


deci Rubber on ice 0.15 
centi Waxed ski on snow 0.05 


milli Wood on wood 0.30 
micro Steel on steel 0.57 
Copper on steel 0.36 
Teflon on Teflon 0.04 


nano 


pico 


The Electromagnetic Spectrum 


Wavelength in a vacuum (m) 


10° 107? 10°" 107° 10° 10° 107 10° 10° 10% 10° 107 10° 10° 10' 107 10° 10% 


Microwaves <-Long Radio Waves- — 


— — — - Gamma Rays ———>} }<—— Ultraviolet >| \< 


Infrared > a AM 


! /—— Radio Waves Bae 


102" 102 10° 140° 40'7 10° 10'°Mm 10'* 10°? 


Frequency (Hz) 


7  . 
Z Sas 


_¢” Visible Light = ~~~ _ 
ot (not to scale) va 


~ 


| Violet | Blue | Green | Yellow |Orange| Red | 
t+ vt = 


7.69 x 10" 
6.59 x 104 
6.10 x 10' 
5.20 x 10! 
5.03 x 10' 
4.82 x 104 
3.84 x 104 


Absolute Indices of Refraction 
(f = 5.09 x 104 Hz) 


Air 1.00 


Corn oil 1.47 


Diamond 2.42 


Ethyl alcohol 1.36 


Glass, crown 


Glass, flint 


Glycerol 


Lucite 


Quartz, fused 


Sodium chloride 


Water 


Zircon 
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Energy Level Diagrams 


Hydrogen Mercury 
Level Energy (eV) Level Energy (eV) 

oe lonization —~ 0.00 

n=6 —0.38 

n=5 —0.54 

n=4 —0.85 

nas -1.51 

lonizati 

: onization ™ 0.00 

n=2 -3.40 
i —1.56 
h —1.57 
g —2.48 
f —2.68 
e —3.71 
d —4.95 
c —5.52 
b —5.74 

Ground State Ground State 
n=1 —13.60 a —10.38 
Energy Levels for the Hydrogen Atom A Few Energy Levels for the Mercury Atom 
Classification of Matter Particles of the Standard Model 


Quarks 


Matter Name up charm top 
Symbol u t 
2 2 2 

Charge +5 +5e 


d b 
-te -fe 
electron muon tau 
e u T 
three quark and es =e Ae 
quarks antiquark 


electron muon tau 
neutrino neutrino neutrino 


Ve Vx 


0 0 


Note: For each particle, there is a corresponding antiparticle with a 
charge opposite that of its associated particle. 
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Electricity 


pr. £42 
ée r2 
ee 
q 
y. Ww 
q 
A 
f= = 
t 
_vV 
oT 
pL 
A. 
2 
op  V 
P=VI=PR= 5 


W = Pt = Vit = Rt 


Vt 
R 


Series Circuits 
T=1,=Iy=I3=... 
V=V,+Vo+Vat... 
Ry, = Ry + Ry + Rg +... 


Circuit Symbols 


cad cell 

tL 

—_ battery 
= 
_-—_ switch 
Vv) voltmeter 
—(A)- ammeter 
AWW _ resistor 


AKry variable resistor 
— (8a) lamp 
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A = cross-sectional area 

E = electric field strength 

F, = electrostatic force 

I = current 

k = electrostatic constant 

L = length of conductor 

P = electrical power 

q = charge 

R = resistance 

Reg= equivalent resistance 

r = distance between centers 
t = time 

V = potential difference 

W = work (electrical energy) 
A = change 


P = resistivity 


Parallel Circuits 


L=I,+I,+I,+... 


V=V,=V.= Vs 


Resistivities at 20°C 
Resistivity (Qemn) 


Aluminum 2.82 x 10-8 


Copper 1.72 x 10-8 


Gold 2.44 x 10-8 
Nichrome 150. x 10-8 


Silver 1.59 x 10-8 


Tungsten 5.60 x 10-8 
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1 
a 2 
i 
0, = 0, 
Cc 
n= — 
oD 


Modern Physics 


he 
Eahoton = hf = Po 


= E,- Er 


Eshoton 


E = mc2 


Geometry and Trigonometry 


Rectangle 
A=bh 

Triangle 
A= +bh 

Circle 
A=nr2 
C = 2mr 


Right Triangle 


c2 =a +b 

sin6@ = & 
Cc 

eC ee 
Cc 

tan@ = 2 
b 
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c = speed of light in a vacuum 
f = frequency 

n = absolute index of refraction 
T = period 

v = velocity or speed 

d = wavelength 

8 = angle 

9, = angle of incidence 


8, = angle of reflection 


c = speed of light in a vacuum 
E = energy 

f = frequency 

h = Planck’s constant 

m = mass 


d = wavelength 


A = area 

b = base 

C = circumference 
h = height 


r = radius 
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Mechanics 


d 
C= tft 
q = A 

t 
Up= 0, +a 


ys 1,2 
d=vi + sat 


vf = vo? + 2ad 


A, = A sin 0 
A, = A cos 0 
m 

Fr= uP, 

7 Gm,m5 
g- ye 
wal 

m 
p =mwv 


Phefore = Pafter 


J = Fret = Ap 
F= ke 

PE, = =kx” 
Fo=ma, 

APE = mgAh 
KE = sme? 
W = Fd = AE, 


E,=PE+KE+Q 


W_ Ed _F, 


t t 
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a = acceleration 

a,, = centripetal acceleration 

A = any vector quantity 

d = displacement or distance 

E, = total energy 

F = force 

F, = centripetal force 

Fr = force of friction 

Bam weight or force due to gravity 
Fy = normal force 

F 


F,= force on a spring 


ace = met force 


g = acceleration due to gravity or 
gravitational field strength 


G = universal gravitational constant 

h = height 

J = impulse 

k = spring constant 

KE = kinetic energy 

m = mass 

p = momentum 

P = power 

PE = potential energy 

PE, = potential energy stored in a spring 
Q = internal energy 

r = radius or distance between centers 
t = time interval 

v = velocity or speed 

v = average velocity or average speed 
W = work 


x = change in spring length from the 
equilibrium position 


A = change 
8 = angle 


u = coefficient of friction 
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